shall one day discover the essence of a substance which he has so thoroughly subdued.2 Playfair viewed chemistry as the foremost scientific agent of the terms we have identified as defining this period of history. The growing powers chemists exercised over the material world, he declared, were leading to its subjugation, yielding "astonishing transformations" and the promise of understanding and absolute control. Though Playfair limited his remarks to the relations between humans and the material world, he and countless others recognized and engaged with chemistry in ways that brought the material and social realms together. Through their manipulative interactions with an increasing range of materials, chemists and chemistry left their mark virtually everywhere: increasing agricultural yields, expanding the range and scale of industrial production, extending the reach and precision of governance programs and practices, spearheading social improvement and public health. But so too did they contribute to environmental degradation through the unbridled exploitation of resources and aggravated industrial pollution, as well as to unsafe labor conditions and misery, the ferocity of warfare and the rapacious practices of empire.
The purpose of this volume is to raise broader attention to the position that chemistry was once recognized to hold as an active component of the great economic, social, and political developments of the period 1760-1840. It aims to do two things. First, by exploring the historically intertwined realms of production, governance and materials, it places chemistry at the center of processes most closely identified with the construction of the modern world. This includes chemistry's role in the interactive intensification of material and knowledge production; the growth, direction and management of consumption; environmental changes, regulation of materials, markets, landscapes and societies; and practices embodied in political economy. Second, the volume moves away from a narrative structured by a revolutionary break at the end of the eighteenth century and the primacy of innovation-driven change. Instead it aims to highlight the continuities and accumulation of less momentous changes that framed historical development over time and across the various spheres (the academic world, manufactures, public health and medicine, governmental administration, civil society and agriculture) in which chemists and chemistry operated.
Standard historical surveys tend to ignore eighteenth and early nineteenthcentury chemistry -at best mentioning Lavoisier and the Chemical Revolution -or to subordinate it to physics and the mathematical sciences. Mechanization and quantification are often privileged as prime movers of historical change, joined (finally) by chemistry in a 'second industrial revolution' during the final decades of the nineteenth century.3 Switching from generalities to the more detailed practices of governance and production in the period 1760 to 1840, however, reveals a different story. This volume recognizes chemistry as broadly integrated in daily life, as essential to industrial development and agricultural improvement, and as fundamental to the governance of both society and the environment.
Crucial to such discussions is the question of who was a chemist. Should this label be applied only to those attached to universities and scientific academies or to a broader range of actors who engaged in chemical practices? If the latter, apothecaries, mining officials, manufacturers, inventors and others should and have been investigated as part of the history of chemistry.4 Histo rians have recently asserted the existence of 'chemical experts' , who served as consultants or held administrative and management positions.5 This has brought the history of chemistry into closer contact with the history of governance (the stimulation and management of both public and private enterprises), a central theme of this volume. Attention to the ambiguous legacy of chemist-consultants heightens our awareness of chemistry's equivocal hold on public authority. Sometimes identified as arbiters of product purity and with improving public health and welfare, chemists were also viewed with distrust for representing the interests of industry and furthering environmental degradation. 6 The expanding franchise of chemical practitioners reflects another critical change in how the history of chemistry is and should be examined. Historians of chemistry are increasingly interested in the materials and material objects with which chemists interacted. Beyond a focus on the instruments, vessels and tools that furnished chemistry laboratories and workplaces, this includes chemistry's involvement in the histories of diverse materials through experimentation, consultation, regulation, and production improvement.7 Materials and material objects were critical sites where chemistry met with governance and production between 1760 and 1840. Insofar as chemists could claim to manage the powers of airs, acids, minerals, metals, dyes and waters, so could they determine the habits, practices, and positions of those who engaged with these materials as manufacturers, regulators or consumers. When publicly recognized, chemists' knowledge and skill provided a platform for their claims of authority and expertise, which warranted their interventions in matters of governance. The essays in this volume work to identify such stances, positioning chemistry at the heart of the organization of social order.
To achieve these aims, this volume is divided into three sections.The first accentuates materials and material objects, along with the resources they provided chemical practitioners for building and exercising knowledge and expertise. The entangled nature of the social and material is also evident in the second section, on chemical governance, whereby chemists became involved in both the governmentally sanctioned and privately organized management of resources, people and environments. Finally, drawing on lessons from these two sections, the third revisits the classic theme of production, understood to include material and knowledge production, as well as their relation.
Materials and Material Objects
Given the centrality of materials and material objects to chemistry, attending to materiality as a key element of its history is bound to be a frutiful approach.8 The traditional historiography of the "Chemical Revolution" certainly spoke of substances (phlogiston, calxes, oxygen, caloric) and instruments (the ice calorimeter, the balance), but too often in relation to the development of revolutionary ideas and concepts. Explorations that focus on their materiality have much to tell us about the details and consequences of chemical practice, which linked chemistry to broader historical developments.9 Happily, historians are increasingly engaging with materials qua materials. Historians of early modern alchemy have used experiments and restagings to assess the particu lars of alchemical recipes and procedures.10 Scholars have long recognized the importance of instruments, and archaeology is now shedding light on historical chemical and alchemical instrumentation.11 Catherine M. Jackson has analyzed how glassware altered nineteenth-century chemistry's laboratory practices and possibilities.12 Historians have also expanded the repertoire of what counts as a chemically relevant material object by considering practitioners' interactions with a variety of commodities and substances.13
There is still, however, much to do. While there are now many histories of particular instruments and some distinct substances and spaces, we need to reflect more deeply on how to frame our inquiries. How should we approach the materiality of the substances and objects that populated and moved between the spaces in which historians are interested? Can we identify the broader practical and conceptual regimes of which these socio-material transformations were a part? How can we approach this subject without an a priori assumption that chemistry's development during this period depended on the introduction of innovative instruments and devices?14 To take the last first, chemical practitioners between 1760-1840 were just as likely to use ready-to-hand objects in adapted spaces as to introduce new and specialized instruments and dedicated spaces for experiment. Adaptibility, bricolage and repair were hallmarks of chemical practice. As Simon Werrett discusses in this volume, many chemical practitioners set up laboratories in their homes where they adapted tea cups, saucers, clay pipes, gun barrels and household furniture to chemical ends.15 Even Lavoisier, famous for using new and prohibitively expensive instrumentation, sometimes cobbled together experimental set-ups from objects originally intended for other purposes; his epoch-making demonstration of the decomposition of water, for example, featured an adapted gun barrel. In practice, chemistry relied at least as much on adaptation, knowedge of lutes and luting, awareness of the most appropriate amalgam, and artisanal proficiency, as it did on theory.
Considering chemists as innovators, bricoleurs and reparateurs is not only apt because they were sometimes one and sometimes the other. Innovation, bricolage and repair often went hand in hand. As Elena Serrano illustrates in this volume, novel instruments and devices were often hybrid compositions of new and recycled or innovative and mundane components. This was especially the case when novel apparatus were commodified for wider distribution; simplified use and repair were important considerations when designing for a broader public.
This sort of adaptive design and use was often discussed in terms of 'oeconomy' . Manuals on household management or 'domestic oeconomy' circulated since the sixteenth century, promoting a balance between excess and conservation, saving and expense, using the old and investing in the new.16 This was not only a call for thrifty management for its own sake. Oeconomy was widely taken to cover a broader set of meanings and practices by the mid-eighteenth century. Alongside material and financial considerations, oeconomy spoke to the virtues of order, prudence and moral responsibility.17 Exploring the meanings and practices associated with the word's contemporary uses reveals how actors at the time framed their understanding of and engagement with the world around them. Whether linked to the human or animal body, private households, the state, nature, or chemistry, oeconomy spoke to the maintenance of a well-balanced order. Often associated with 'improvement' , oeconomy pointed to productivity, but never in exclusive terms of maximizing material production and profit. Invariably, it also carried a moral connotation, placing the improvement of agri cultural and manufacturing yields in the context of stimulating stewardship of material and social resources -whether within the individual, regional or national household.18 This variously entailed tying educational programs to the goals of cameralist administration; integrating programs of experiment, communication and engagement aimed at public education with the improved production of domestic goods; bringing education and practice together to stimulate the circulation and use of rural waste products and industrial leftovers to further production in both agriculture and manufacturing; and tying educational programs for chemical practitioners to the ideals of good citizenship. 19 The ideals and practices of oeconomy receded from their once prominent position in European cultural, institutional and political realms by the midnineteenth century. It is beyond the bounds of this study to explain why or fully how this occurred. But surely the mismatch between oeconomy's idyllic projections of balance and order and the often disruptive circumstances that marked the years 1760-1840 were involved. War, political upheaval, the growth of manufactures and social displacement constantly challenged the idealized harmonies of enlightened society. Scales of operation were transformed in the armed forces, the civil service, and in industry.20 While domestic, artisanal modes of production continued, and while agriculture remained the largest employment sector until at least 1850, industrial manufactures grew, urban populations burgeoned and peoples traversed regions and continents en 
masse.21
The ranks of chemical practitioners, often trained in newly autonomous laboratories, swelled accordingly. Changing scales and approaches to materials, production and governance, were undoubtedly tied up with changing attitudes and practices. The challenge is to explore and understand these connections and their consequences without the taint of teleology. This requires rethinking the historical relationship between oeconomy and oeconomic practices, on one hand, and interpretive categories drawn from economics and economic history, on the other.22 Given the performative impact and results of oeconomic formulations and activities, it is misleading to dismiss oeconomy as a cultural conceit of elite amateurs, a doomed project or rhetorical side-show to economic development. Neither was oeconomy a proto-concept that gave way to economic analysis as the latter's concepts matured during the early nineteenth century.23 Such views move between [1] distinguishing between oeconomy as a cultural expression and economics as expressive of 'real world' activities and [2] isolating oeconomy as a concept and placing it under a larger rubric of economic concepts, which is teleologically structured by a movement toward modern economic organization and understanding. The first privileges economics as reflective of material reality; the second grants it conceptual priority, implying that economic (re-) conceptualization is a key motor of historical change.
This volume refuses both these options, arguing instead for a non-teleological perspective. By the mid-nineteenth century governing attitudes, policies (including colonial policies and taxation regimes) and practices in western Europe instantiated the market, social welfare and nature as distinct realms of conceptualization, activity and governance. But this development -which carved out a space for interacting with material and human resources in strictly calculative terms of economic value, cordoned off from issues of moral or environmental responsibility -was neither inevitable nor the result of a conceptual change. It arose in a historical landscape whose contours evolved over time as humans interacted with specific material substances and objects in various contexts of conceptually and administratively governed production, con - Scholars such as Hans-Jörg Rheinberger and Karin Knorr Cetina have made similar claims in their discussions of 'epistemic things' and 'epistemic objects' , emphasizing the epistemic openness of objects -but only in the context of experimental investigation.26 Rheinberger thereby distinguishes between 'epistemic objects' and "stable, technical objects that may define the boundary conditions of further epistemic objects." Knorr-Cetina contrasts the epistemic openness of objects that undergo scientific research with the stability of "commodities, instruments and everyday things."27 Simon Werrett's investigation of household chemistry in which ready-to-hand objects were pressed into experimental and productive service proble matizes the distinction between research objects' epistemic openness and the stability of 'technical' and 'everyday' objects. Making do with im promptu equipment instead, ontologies are brought into being, sustained, or allowed to wither away in common, day-to-day, sociomaterial practices."29 As represented by Elena Serrano's discussion of 'affordance' in her essay, our goal is to portray material identities and claims of agency in ways that recognize the historical interplay between the specificities of materials and material objects and the contexts in which they were investigated and put to work.30
The isolation and identification of qualitatively distinct 'airs' or 'gases' form a central focus of histories of the Chemical Revolution.31 In her essay, Marie Thébaud-Sorger goes beyond considering them as epistemic objects to the question of how they became manipulable commodities that firmly attached chemistry to both the increasing commodification of society and the spectacles that celebrated this transformation. Substances such as coal and airs also linked chemistry to processes such as urbanization and (initially oeconomic) concerns over public health, which emerged as foci of governance in the period 1760-1840. Aiming to operate at a scale of whole populations, evolving regimes of cleanliness and hygiene, health and security depended on massive material investments and the disciplining of large populations. Key to this process was the construction of urban architectures enabling the circulation of clean air and water and the elimination of foetid smells and poisonous miasmas.32 Chemists played a central role in such activities as experts on spa waters and urban water and gas supplies, as overseers of ventilation projects, and through fumigation practices using new chemical substances.33 Elena Serrano explores one such case, focusing on how newly designed 'fumigating machines' were used to combat disease in France and Spain at the beginning of the nineteenth century. Importantly, these machines simultaneously transported a recently isolated air and new knowledge claims that explained it. They also embodied reformulated modes of governance that, mediated by chemical experts, transferred direct responsibility for public health from government agencies to the individual behavior of citizens who were charged with using such contraptions.34 But material concerns were as crucial as the role played by chemists. For operating on a transnational scale, as this project did, necessitated adaptation; simplified designs and cheaper materials enabled the machine's mass manufacture.
José Ramon Bertomeu's exploration of arsenic in the 1830s and '40s offers one more example of how focusing on materials exposes the non-teleological co-construction of sociomaterial identities. His essay draws attention to the efforts waged in these decades to identify the notorious poison arsenic. If oeconomy tolerated -or even valued -material ambiguities and open-ended capacities for repurposing and re-use, the economic and social orders emerging by the late 1830s depended on various institutions -manufactories, government laboratories, law courts, public health bureaus -that required specific definitions and identities. Institutional attempts to know and thereby govern materials and their use nonetheless continued to be plagued by ambiguities of material definitions and application. The definition of arsenic, its presence and properties, thus emerged alongside the identities of chemical practitioners, productive sectors, uses and institutions that engaged with it, determining the agency of all the actors involved. What, then, was chemistry in the period 1760 to 1840? This section's focus on materials and material objects positions chemistry at the intersection of gradual yet impressive shifts in production, governance and their relationship. Chemistry flourished through its ability to use materials and multiply their varied affordances, but the manifestations, management and meaning of this ability gradually changed. An initially oeconomic orientation associated with household management and its prudent (re-) use of ready-to-hand objects and instruments posited the inseparably social and moral character of material order. By the late 1830s, the sociomaterial challenges of shifting scales and multiplying and increasingly various fruits of chemical production simultaneously fed and responded to efforts to govern them. Now against a view of materials as open-ended and capable of continuous revision, manufacturing -along with various governance practices (often mediated by chemists and chemical 'expertise') that regulated and taxed its materials, processes and productsdivided phases of production and consumption, seeking to fix the identity of material objects as commodities. Chemical practitioners operated in a growing number of contexts, assessing the properties of materials and their suitability to manufactures, developing novel products and processes, and providing credit and controls for unfamiliar products. Managing this complex state of affairs increasingly relied on two mutually reinforcing loci of governance. One was situated in the specifying processes of governmental legislation and courtroom adjudication. The other resided in the organization and conceptualization of market oriented practices that translated social and material interplay into calculations and models, masking their multifaceted interactions as they transformed them.
The division of labor and specialization demanded by these processes and their requirement of strict definitions and identities proved a double-edged sword. On one hand they afforded chemistry's growing autonomy, professional identity and recognized expertise. On the other, they narrowed understandings of material and social identities to the point where their complex intersections and mutual constitution seemed to disappear. What remained was a sense not of interpenetrating oeconomies of materials, production and governance, but of separate spheres of agriculture, industry, chemistry, and government. Composing separate historical narratives of these spheres then served to reinforce their boundaries, raising chimerical puzzles over how one influenced the other.
Chemical Governance and the Governance of Chemistry
Our focus on 'chemical governance' might seem odd or anachronistic at first. In current parlance, it is understood either as a form of 'corporate governance' , whereby chemical manufacturers assume responsibility for construing and policing their own ethical performance, or related more generally to the management of hazardous chemicals.35 Almost invariably, chemical governance is currently invoked in relation to the environmental impact of chemicals used in specific industrial contexts. Behind this configuration is a specific -neo-liberal -rationality that calculates 'good' governance in terms of trans action costs, bracketing it off from other relations seen as involving 'externalities' whose consequences might call for governmental response or as extra-governmental concerns best left up to social and corporate organizations or 'the market' .
Michel Foucault and others have called on us to step back and recognize the historical character of this regime whose beginning, they argue, was in the period covered by this volume.36 Such a move frees us from considering chemical governance -like governance more generally -as formed or constrained by the currently reigning rationality, warranting instead the historicization of its conceptualization and practices. This requires an umbrella definition of chemical governance that stands above the ways in which specific historical regimes framed it. Here we define it as entailing the privately initiated or government sanctioned employment of chemists and their practices to stimulate or inhibit productive activities and manage resources, people, activities, environments, and their relations, in accordance with specific norms and goals. The essays in this volume zero in on the historical specificities of chemical governance and how they evolved during the period 1760-1840.
It helps to recognize that 'governance' was an actors' category during this period. A survey of uses between 1760 and 1840 shows a cluster of related meanings. Governance referred to the duties of governing; that is, the management of a socio-political unit, institution or individual estate, often with a paternal character and directed toward 'improvement' .37 It spoke to the influence one had over another's life and behavior, but could also involve exercising 
The essays here identify chemical governance as a practice that goes beyond individual case studies. The essays by Christine Lehman and Thomas Le Roux explore the history of chemical governance in relation to the French state's regulation of chemical industry up to 1830. Through an examination of requests for state support in the production of céruse (white lead or compounds containing it), Lehman concentrates on how processes of chemically mediated governance helped steer industrial production, complicating claims about innovation along the way. Far from simply a matter of developing knowledge and practices in a drive to improve the quality, quantity and/or profitability of production, French chemists who served as consultants and administrators found their mediations situated within a complex web of interests. Producers seeking state support might be driven by the desire to protect a manufacturing process, capture a geographically based market or outflank a competitor. The demands of various ministries directed attention toward often-irreconcilable questions of international competition, domestic commerce and social considerations. The state was far from monolithic. The formulation of chemically based advice and administrative decisions was thus always a matter of negotiating between various interests.42 Such negotiations, of course, were always situated in specific contexts. The social, political, commercial and financial dislocations associated with the French Revolution and Napoleonic era framed the pursuit of and changes in governance processes in France while highlighting the constitutive role of chemists and chemistry. As Le Roux shows for the formation of regulatory policies and practices concerning the environmental impact of chemical industry there, the abolition of both traditional corporations ranging from artisanal guilds to the Académie des sciences and the institutional apparatus responsible for governance during the ancien régime framed an intensification of longerterm historical developments that -as Tocqueville first pointed out -were transforming France from a corporate to a modern state.43 Wartime exigencies and increasing international competition, coupled with domestic dislocation and change, simultaneously intensified demand for the products of chemical industry and a greater need to adjudicate between the operational requirements of industrial production and the public's experience of its environmental consequences. It was in this context that chemists were called upon to help encourage industrial development, as well as to determine and compare the relative values of productivity and public health and welfare.
The determination and comparative measurement of value in relation to the interactive triad of industrial development, public welfare and environmental sustainability were inevitably bound to competing norms and issues of trust that often remained untranslatable into 'objective' numbers.44 One answer to the persistence of qualitatively heterogeneous issues was provided by the evolution of new analytical categories through which to define, organize and judge chemically construed phenomena.45 Beyond the development of new nomenclatural and instrumentally mediated practices, Le Roux argues, this entailed reconfiguring the legally sanctioned definitions and boundaries between 'harmfulness' and 'harmlessness' -a process in which chemists played a key role. More fundamental still, chemists throughout the period covered by this volume were intimately involved in a process whereby 'the marketplace' , 'society' and 'nature' became reified as essentially distinct categories through the very governance practices that were established to police their hybrid interactions.46 It needs to be stressed that the history of chemical governance was an openended one -neither simply the consequence of a battle of ideologies such as mercantilism or cameralism versus liberalism, nor directed toward any particular teleological end. Rather chemical governance and the effects with which it was associated are best understood by tracing how it evolved out of largely mundane processes. This approach is especially promising for places such as Sweden, Prussia and the Austrian Empire where the state's regulation of mining and industry relied on chemical expertise. A number of recent studies have emphasized the role of 'hybrid experts' , who brought a marriage of chemical and bureaucratic training and experience to the performance of their duties. 47 We still need more fine-grained studies of their daily activities, however, to inform longer-term histories of industrialization in these lands. In place of studies that turn to the influence of 'Baconian empiricism' , 'Newtonian physics' or 'rationalist inquiry' to explain the transformation of production techniques and sociopolitical institutions, we need accounts that build on the actual work carried out by those who used their chemical knowledge and know-how in their daily practices as mining officials, industry inspectors, excise officers and so forth. 48 William Ashworth has charted the ways in which mundane instrumentallymediated regulatory processes carried out by British excise agents worked, not only to fix government revenues and establish standards for foodstuffs and alcohol, but also to suggest new products and production processes for distillers and others looking to minimize taxes and maximize profits. In turn, developments in the production and marketing of new products fed the further development of chemical instrumentation and testing for policing the composition and healthfulness of comestibles.49
The sort of chemical governance discussed by Ashworth was largely an urban matter. Cities increasingly became sites of chemical concern and governance, as their rising populations engaged in expanding networks of production, exchange and consumption. This brought urban and rural environments into closer contact through the interweaving of agricultural and industrial practices. As discussed by Joppe van Driel, urban elites joined with landowners and government officials in the Netherlands both to encourage and police the collection and circulation of urban wastes for use as agricultural fertilizers, and the return of industrial crops for urban-based manufacturing. This reminds us that chemical governance was not only a governmental affair. It also engaged private individuals who often joined together in oeconomic societies to encourage and monitor 'improvement' .50
As cities grew, observers became increasingly aware of the potential to study and need to govern them as chemical systems in their own right. While mediating between the encouragement of industry and the health of urban dwellers exposed to industrial toxins was part of the story, so too were problems such as sewage, water and food supplies, lighting, building supplies and the collection of vital materials such as saltpeter -all candidates for chemical governance.51 Ernst Homburg has discussed proposals to establish urban chemical police in various German states from the 1820s.52 Christopher Hamlin has examined the roles played by French and British chemists between 1780 and 1880, as they simultaneously aspired to the position of urban regulators and tied their increasing professional status to industrial consultation. Without a clear identity, he argues, chemists were never able to create "a matter-based science of urban management" as an authoritative tool of governance along the lines of 49 Ashworth, "'Between the Trader" (see note 24); See also the essays in this volume by Elena Serrano and Marie Thébaud-Sorger. 50
Driel, "Ashes to Ashes" (see note 19); Lissa Roberts, "Practicing Oeconomy" (see note 17). architecture and engineering.53 Instead they remained a mixed community of, at one and the same time, educators, guardians of the public interest and consultants for maximizing industrial profit. The period 1760-1840 was an age of networks and activity that encompassed the entire globe, often involving the movement of massive quantities of chemical substances and objects, and innumerable possibilities for the exercise of both chemical production and governance.54 Chemical governance was dispersed across a multitude of practices, techniques and decisions traversing the planet. Such dispersal may be appreciated better by examining a case of the global reach of chemical governance. Andreas Weber examines an episode in the history of imperial Dutch monetary policy in this volume to demonstrate that even something as seemingly abstract as monetary policy was subject to chemical governance. Importantly, his analysis underscores the polycentric character of imperial governance by revealing its mundane dependence on local chemical practitioners and their practices situated both in metropolitan centers and in far-off colonial settings.55 Beyond their initial pronouncement, policies actually took shape through their embodiment in coins and bank notes -the production of which required locally available chemical expertise. A colonially based assayer and mint master, therefore, could change the direction and consequence of imperial policy by minting coins with an alloy containing more silver than instructed. Rather than simply serving imperial masters, local practitioners harnessed their chemical know-how to colonize the policy-making process by which the empire was supposed to be ruled. Substituting locally determined value calculations for those that originated in The Hague recalibrated the policy they were supposed to pursue, shifting the fulcrum of practical power away from Dutch ministerial designs toward the geographically distant networks to which such values were beneficial.
The point of Weber's analysis is that both imperial policies and the Dutch treasury were affected by the chemically informed acts of individuals operating on the other side of the world. But if chemical practices could alter the course of financial management at the level of national and imperial govern- 53 Hamlin, "The City" (see note 6). ments, so was financial governance crucial to the development of chemistry at the institutional level. Without the allocation and monitoring of funds to support institutions of learning, for example, the course of chemistry's disciplinary and professional development would have been quite different during this period. Importantly, as Sacha Tomic reveals in his study of financial governance at the Paris École de pharmacie, financial records are more than just a ledger showing income and expenditures. They also bear the imprint of a guiding moral economy under whose regime rewards were calculated in accordance with loyalty and service. Hence could a laboratory assistant rise to the rank of professor, in direct contradiction to current generalizations about 'invisible technicians' and the role their perceived lack of scientific insight played in the achievement of 'mechanical objectivity' .56 In sum, if chemistry's practices, practitioners and educational institutions were subject to various acts of regulatory governance, so too were chemists and chemical practices integral to more general processes of governance between 1760 and 1840. Insofar as chemists managed both materials and socially-embedded processes, they could claim to be essential to good governance. Chemistry had long been connected to medicine and the management of individual health. In the eighteenth century, chemists promoted and participated in practices that posited chemistry as an important or essential element in the medical management of communities. As chemical products and contexts of material production, use and disposal proliferated, chemists assumed an increasing number of roles as expert consultants in efforts to govern them. They tested, measured, experimented with and informed legal adjudications of material goods, serving taxation regimes, for example, through the study of adulteration. Such roles were far from straightforward, however, as chemists found themselves inserted into complex negotiations between competing communities and interests. In this context, financial and legal demands overtook oeconomic assessments of social and moral order that had previously been linked to chemical interventions.
Out of these interactions emerged regularly renegotiated policies, regulations, legal judgments, restrictions and codifications. Simultaneously these processes transformed the identities of materials and chemists themselves. Such mundane procedures and routines were also, no doubt, consequential for changing iterations of chemistry, governance and production, which suggests the inadequacy of a narrative that unduly focuses on revolutionary change in this period. 56 Lorraine Daston, "The Moral Economy of Science," Osiris 10 (1995): 2-24, 20.
Revisiting the History of Production
Production looms large as a focus in history writing on the period covered by this volume. Often linked to revolution -whether political, scientific or industrial, it is hard to ignore the roles that material and knowledge production have been said to play in historical development. An obvious question for this volume, then, is what can be learned by considering the history of production in conjunction with materiality and governance. In some ways, this approach and the analysis to which it gives rise underscore current historiographical views. While it is still standard to speak of 'the Industrial Revolution' , for example, the term is now generally recognized as covering a longer and more gradual process of change. So too have we let go of the belief that industrialization followed a single paradigm.57 And while economic historians continue to focus on economic growth as the Industrial Revolution's defining characteristic, they have joined with other historians to consider the relations between material and knowledge production; between production, consumption and use; and between production and the environment.58 This has created ground for raising questions that are only answerable by bringing various historical disciplines together. Especially given the braided connections amongst the environmental, political, social, cultural and economic issues revealed by the complex challenges we currently face, historians find themselves looking to the past in more collaborative, interdiscipinary ways.59 A central argument of this volume is that the history of chemistry provides a particularly apt vehicle for this sort of collaborative inquiry because its subject matter so patently sits at the intersection of historical engagements through which humans participated in weaving the social, material, political, economic and environmental together. 60 The essays in this section highlight the interpretive possibilities afforded by bringing historical questions about production together with attention to gov-ernance and materials. Among other things, this approach underscores that 'production' is not simply a synonym for industry, translatable into measurable economic indicators. Along with material goods, producers make, use and consume knowledge, culture and political goods. The relations amongst all these elements require investigation.61 Accordingly, Bernadette Bensaude-Vincent and Frank James examine the various ways in which governance mediated between the supposedly distinct realms of knowledge production and social order, bringing the core message of Leviathan and the Air Pump to life: "Solutions to the problem of knowledge are solutions to the problem of social order."62 Anna Simmons and John Christie explore production in the context of urban manufacturing sites, affording an understanding of production sites as complex points of intersection between local and global translations involving the interaction of humans and materials with layered regimes of governance and production processes. Finally, Robert Anderson investigates interactions between academic chemists and those directly engaged in chemical industry to reflect on how we ought to understand the historical relationship between material and knowledge production. Here again we find general claims giving way to the specificities of local situations.
Though the period investigated in this volume is sometimes referred to as 'the age of revolution' , debate continues regarding its 'revolutionary' nature. 63 Definitions of the Industrial and Chemical Revolutions have changed with generational regularity.64 And while no one doubts that political revolution took place in France in 1789, discussions continue regarding its cause and character, including its relationship with Enlightenment ideas, industrialization and scientific developments. 65 The links between science and society in revolutionary France have traditionally been discussed either by chronicling how the state recruited scientists to perform specific tasks and reform productive sectors or as an aspect of intellectual history.66 In her analysis of pedagogical reform at the École normale, Bensaude-Vincent looks instead at the kinds of mediation proposed to realize translations between "the problem of knowledge" and "the social order."
The establishment of the École normale in 1794, she reminds us, was part of a broader program to 'normalize' France. Alongside training teachers to teach a standard curriculum across France, a unified system of weights and measures was meant to normalize market exchanges throughout the country -itself administratively normalized through its division into departements. 67 The pedagogical structure that informed teacher education at the école built on Condillac's analytical approach, an instrument for standardizing understanding by eradicating lapses of logic and knowledge. Lavoisier had drawn on Condillac in his Traité élémentaire de chimie.68 Disciplining chemistry, as advocated by Lavoisier, was seen by the school's organizers as a model for disciplining education more generally and, through that, disciplining the minds and bodies of normalized French citizens.
In fact, the ideal of standardization proved historically problematic. The metric system's introduction met so many local challenges that Napoleon withdrew it; it was finally instituted in 1837. Professors at the École normale resisted standardization, generally choosing instead to stress the details of their own disciplines. Charged to teach chemistry, Lavoisier's close associate Berthollet went further, opposing the approach he was supposed to defend. Where Lavoisier had claimed a seamless relation between properly disciplined understanding and the order of nature, Berthollet professed a complex topography of local circumstances and exceptions to rules that could only be governed through careful attention. Teaching (how to teach) chemistry was thereby not a question of normalization, but of training students to produce and apply knowledge in particular situations. In place of the unatainable dream of revolutionary transformation, he argued, an attentive and informed citizenry could thus work to reform the production of knowledge and society in more nuanced ways.
Berthollet was certainly not alone in criticizing the dream of organizing science and society through the unmediated application of abstract principles. But it is one thing to recognize a mismatch between revolutionary ideals and the complex variations of local circumstances, and quite another to foresee how governance regimes would actually take shape. As stressed throughout this volume, tensions amongst various interests engaged in the production of knowledge, goods and social order often led to situations that emphasized divisions rather than the applicability of universal principles. Disciplinary programs fed both the professionalization of and distinctions between individual sciences, while attempts to mediate amongst various social, political and economic interests from the standpoint of scientific knowledge often proved illusory -leading to hung juries and recriminations against (members of) the scientific community.69 Current debates surrounding human and environmental health show how the challenges of governing translations between 'problems of knowledge' and 'social order' remain a key concern.70 While the revolutionary context of French attempts to engineer a clean fit between knowledge production and social order through specific governance practices set the question of their relations in sharp relief, examining the situation in Great Britain invites us to consider cases of this historical process in a less dramatic context. Given the growing importance and visibility of laboratories as the nineteenth century progressed, James' contribution to this volume, which follows the chemist Humphry Davy's tenure at two institutionally-based research laboratories in the late 1790s and early 1800s, provides a telling introduction to what followed. James' approach answers historian Graeme Gooday's call to consider laboratories in relation to the broader social worlds they inhabited: as situated between those who provided funding and institutional support, and the public, which varyingly acknowledged their status as sites of knowledge production and authority.71 In fact, this was a fluid situation, manifesting as many variations as did laboratories themselves. A laboratory, for example, might double as a kitchen whose domestic situation complicated the gendered nature of the relation between science and the social order.72 So too were laboratories attached to enterprises and institutions whose briefs tied knowledge production to specific purposes, such as the advancement of manufacturing, treating patients or public education. As indicated by Sacha Tomic in this volume, laboratories that relied on external funding had also to reckon with an accompanying regime of financial governance. This did not mean, however, that researchers were unable to exercise independence, either in terms of their research or of maneouvering between their sponsors' desires and public approbation. James presents Davy as an entrepreneurial figure who forged his career by creatively courting both patrons and the public's politer echelons, using financial and institutional support to gain a measure of autonomy for his research, which he presented publicly in ways that reinforced his and his findings' authority. That he anchored his efforts in laboratory settings is significant. Unlike modern definitions that emphasize laboratories' scientific character, the word 'laboratory' traditionally indicated a place where raw materials were 'elaborated' -worked upon to produce medicines, chemical substances, or other substances that could be put to use. Like many of his contemporaries, Davy applied the term to nature itself.73 And in his public lectures at the Royal Institution, he drew on the claimed continuity between nature and his laboratory work to argue for public acceptance of a particular social order. Unlike his mentor Beddoes and outspoken figures such as Joseph Priestley, who championed the egalitarian ideals of radical politics and knowledge-based progress, Davy recruited nature and its investigation in a bid to privilege social stability over equality. 74 Bringing James' thesis together with historian Jan Golinski's analysis of science as public culture in early nineteenth-century Great Britain, underscores the coincidence of an evolving regime of research autonomy -a professed characteristic of modern science -and the rise of a modern culture of 'public science' in which 'the public' was configured as a passive audience that bowed before scientific authority. 75 We might see this as part of a larger and longer transition in which science and industry became increasingly professionalized. Whatever the realities of domestic participation and use, members of the public were being configured as passive consumers of both knowledge and material goods made by others.76
The essays in this section highlight the need to recognize multiple geographies, overlapping jurisdictions and evolving identities as intrinsic to historical development. How do we reconcile narratives that stress the importance of locally available materials such as coal or wool with those that follow the movements of substances such as copper, barilla and mercury across the globe or between productive sectors? We often read that English coal powered an eclipse of Indian cotton and other foreign goods in the context of receding government intervention.77 But other stories can be told that stress the locally heterogeneous character of industrialization.78 Simmons' examination of pharmaceutical manufacturing in London illustrates the far-flung routes along which pharmaceutically relevant substances traveled. She simultaneously emphasizes the evolutionary character of local production processes that combined incoming substances with locally available resources under corporate and governmental oversight. Governance did more than guide behavior; it played an active role in shaping production, its components and outcomes. As demonstrated by William Ashworth, governance included identifying substances, testing for their 'purity' and composition, and making them serve purposes ranging from revenue enhancement and international competition to public health and welfare.79
Historical surveys of industrial production during this period generally highlight mechanization, innovation and the introduction of steam power. But London -like other industrial centers -also housed productive sectors whose sites and methods depended on more and other things than the revolutionary introduction of path-breaking machines. The pharmaceutical sector is a telling example, as it encompassed international trading companies, large-scale wholesale manufacturers and smaller-scale apothecaries and druggists, globally sourced substances and the equipment, knowledge and skill needed to produce, store and sell its products. Its market brought suppliers together with users ranging from individual customers to the mammoth British Navy and East India Company. In turn, its manufacturing sector responded to the inter- active dynamics within and between supply and demand, mediated by the governance of firms and institutions, as well as regulations imposed by the state as its agents sought to generate revenues, oversee trade, monitor production and protect consumers. Two resulting trends are especially worth noting. The first has to do with increasing reliance on keeping production and account records, akin to what Ursula Klein calls "paper tools".80 As much as the chemical formulae on which Klein focuses, bookkeeping records formulized a means to manage humans, substances, laboratory hardware and the processes in which they were mutually engaged with productive effect. This growing reliance on governance through paper was especially welcome in conjunction with a second trend whereby chemical manufacturers met growing demand: expanding premises and upscaling production techniques. Because such moves required increased capitalization, producers who enjoyed privileges and prestige, or whose pharmaceutical skills and connections were matched by business savvy, were at an advantage.
Upscaling also relied on hard-won knowledge, know-how and adaptive hardware, as well as negotiations with government regulators and neighbors who faced increased nuisances. Because chemical production relied on the 'governance of fire' , for example, knowledge of heat and its regulation at different scales were key components of this process.81 Along with having to construct larger furnaces that provided constant and manageable heat, it was necessary to revamp instrumentation to allow continued access to substances while responding to problems and risks that emerged in large scale production. At this level, fumes that were slightly bothersome in small concentrations, for example, manifested a poisonous presence requiring containment.82 Material production was thus generative of problems of chemical governance. But upscaling also afforded opportunities that deserve more coordinated investigation. Increasing production yielded both sellable products and material remains, which stimulated the utilization of industrial leftovers to achieve The picture this all paints might appear path breaking and progress oriented when selectively viewed from the present, but its local ambiguities deserve closer scrutiny. John Christie answers this call in his study of entrepreneurship in industrial Glasgow. Historians variously treat 'the entrepreneur' as an important figure during our period, generally casting entrepreneurship as involving the pursuit of innovation and powering "creative destruction".85 Historical actors, however, defined the word 'entrepreneur' differently. They were silent about the link between entrepreneurs and innovation and justifiably ambivalent about whether innovation was necessarily a good thing.86 As Christie shows, the road to success was not always paved by novelty and innovation. This is not to say that chemical industry witnessed no innovation between 1760 and 1840, but that the contexts and processes that marked its development were too heterogeneous to fit under a single rubric of revolutionary change. It is by delving into the biographies of Glasgow's foremost industrial entrepreneurs that Christie brings industrialization's historical variegation to the fore. Chemical industry between 1760 and 1840 included a highly diverse set of enterprises. Increasingly typical of industrializing cities at this time, Glasgow housed businesses ranging from producers of chemical substances used in other industries to those whose manufacturing processes depended on chemical practices. These businesses also varied in terms of their overall production strategies and the processes and products found within each. The range of strategies a single firm might employ can be mapped according to five categories: adaptive maintenance of traditional techniques, tools and 'furniture'; upscaling; introduction of new chemical techniques; mechanization; product diversification. In such complex environments, innovation emerges as a contextually bound and relative term -indicative, perhaps, of a change of scale, a revamped instrument, the adaptive introduction of a process or substance used elsewhere, or the use of material leftovers to produce other goods. It was never clear from the start which strategy would work. What is certain is that innovation guaranteed nothing. Neither did knowledge and experience guarantee success. It could take years before a novel machine or process was sufficiently stabilized to be effective, while ambient conditions including government regulations, competition for materials, fluctuating demand and international conflict could derail the best laid plans.
One thing that many industrial endeavors did share was pollution, though its effects were not experienced evenly. Wealthy elites inhabited the greener quarters of urban areas and could more easily escape the city's chemically laden, foul atmosphere. The poor had fewer choices.87 Chemical industry took place, then, in a context marked by sociomaterial hybridity and inequality. Still true today, chemical production came with greater cost to some and greater profit for others. 88 A final issue that needs addressing is the historical relationship between material and knowledge production. A longstanding concern amongst historians, the question has been especially highlighted by economic historian Joel Mokyr. Interested to account for British and Western European economic trends and their 'great divergence' with China since the the late eighteenth century, Mokyr dismisses explanations based on the availability of coal and colonies in favor of a 'cultural' argument that emphasizes what he sees as a coincidence between political liberalization and the increasingly pervasive production and application of 'useful knowledge' .89 While discussions of the continued role of state intervention and governance regimes in Great Britain and the continent, as well as of the unmissable contribution of colonial resources and slave labor to European wealth and wellbeing, should be sufficient to put his more contentious claims to rest, the relationship between material and knowledge production to which he draws atten tion remains crucial.90 As argued in this volume, focusing on the history of chemistry provides an especially revelatory lens through which to capture their historical relationship.
The primary reason is that hybrid engagement with material and knowledge production was often standard chemical practice. Ursula Klein argues that this justifies considering eighteenth-century chemistry as a "technoscience avant la lettre".91 In his essay for this volume, Robert Anderson asks whether her claim should be generalized for all of Europe and answers by demonstrating that the relationship between science and industry was as much a question of social identities as of knowledge content.
Scotland provides a particularly interesting setting for Anderson's inquiry. Its universities were more open and flexible than many other European institutions during the eighteenth century, which swelled student attendance. By the 1740s the medical faculty at University of Edinburgh, where chemistry was taught, became the most popular in Europe. Simultaneously, as outlined by Christie in this volume, Glasgow, Dundee and other areas became centers for Scotland's burgeoning chemical industry. Chemistry professors found themselves teaching both medical students and those oriented toward manufacture, agriculture and law. Extended acquaintance with applicable knowledge and networks of former students who asked for advice as manufacturers, landowners, policy makers and administrators, meant that academic chemists had to consider their public identities. Joseph Black, chemistry professor at Glasgow and Edinburgh Universities for over forty years, engaged in consulting throughout his career, but insisted on keeping chemistry's social identity as a science distinct from the industrial realm. Contrariwise, Andrew Ure, professor at the Andersonian Institution (1804-1830), happily opted for a hybrid public identity, increasingly supplementing his lectures with publicized work as a popular author and industrial consultant. Quite apart from the question of anachronism, Anderson concludes, not all chemists would have accepted the identity of technoscientists. In sum, focusing on chemistry, materials and governance offers fresh perspectives on material and knowledge production in the period 1760 to 1840. A picture emerges of gradual, open-ended transformations in which various local circumstances and practices contributed to change. Alongside the new and shiny, which often disappointed, more traditional and mundane processes could make all the difference. Diverse strategies shaped production, from upscaling, administration with "paper tools" and diversification, to the maintenance and adaptation of existing practices. Chemical practitioners engaged with these strategies in various ways, overseeing global circulations of chemical goods, scaling up manufacturing processes, exploiting byproducts, generating and regulating waste and pollution. No doubt aspects of these activities were innovative, but they were integrated in processes of gradual change and longterm development, the results of which were never fully predictable.
Situating Chemistry
As a collaborative effort, the geographical focus of this volume might not be as broad as one would wish. Both Sweden and the German lands, for example, housed important centers of chemical education and activity whose content and contours were closely tied to ambient political, economic and sociomaterial conditions.92 Chemistry, in fact, played a variety of important roles around the world between 1760 -1840, whether informing agricultural improvement in the young American republic, producing textiles and luxury goods in Asia or engaging with pharmaceutical substances and metals in Latin America. Examining developments in all these regions through the approach of this volume would add greatly to our understanding of what is, after all, a transnational subject.
But such a huge undertaking has to begin somewhere, and the narrower focus of this volume makes sense, given that France and Great Britain (our essays' primary locations) have long been the dominant foci of attention in connection with the revolutions (the French, Industrial and Chemical) with which this period is most commonly identified. The cases presented here, some of which underline the global networks in which chemical substances and practices were enmeshed, invite us to direct our attention away from the monumental, essentially distinct breaks implied by organizing historical analysis according to separate political, industrial and scientific revolutions. Instead, by considering often quotidian histories of material and knowledge production in concert with human interactions with material substances and objects and governance practices that managed productivity and social order, we point to a more unified fabric of historical development: one in which intertwined activities inductively manifested themselves in terms of a package deal of longer-term political, social, industrial and environmental changes.
This hybrid approach fits with current historiographical trends, but is rooted in the very history this volume presents. If we return to the early 1840s, we find the chemist Justus Liebig reviewing chemistry's situation in similar terms to those discussed here.93 Among other things, he discussed the chain of events whereby the introduction in Great Britain of new bleaching techniques (themselves based on using a previously ignored by-product of soda manufacture) rendered unnecessary the employment of large tracts of rural land as bleaching fields.94 This freed up both industrial capital for investment elsewhere and land for agricultural exploitation, the latter of which could be enriched with fertilizers that -again, thanks to productive chemical practices -combined urban and rural based waste products.
Liebig described this "as affording an excellent illustration of the dependence of the various branches of human industry and commerce upon each other, and their relation to chemistry."95 But he and those who read his work did not simply celebrate this as unequivocal evidence of innovation-based progress. Karl Marx, for example, drew on Liebig's discussion of such hybrid chains of knowledge and material production to connect the past with concerns for the future. The sociomaterial 'metabolic system' in which these urban-rural links evolved, Marx recognized Liebig to say, was being unbalanced by capitalist production on an increasingly global scale. In place of previous oeconomic visions of sociomaterial improvement, Marx and others described a chemically mediated process of growing alienation between the
